A B S T R A C T To probe the mechanism of suppressor T cell generation in man, we 
INTRODUCTION
Both alloantigen-specific cytotoxic (Tc)' and suppressor (Ts) T cells are generated in the mixed leukocyte reaction (MLR) (1) (2) (3) . However, because Tc and Ts cannot be distinguished from one another with available antibodies to T cell surface markers (4) (5) (6) (7) (8) , the possibility remains that apparent suppression is, in fact, due to lysis of allogeneic stimulator cells. Recently, activation of Ts in the absence of Tc has been achieved by carrying Received for publication 14 March 1983 and in revised form 8 July 1983 . ' Abbreviations used in this paper: CM, completed medium; CsA, cyclosporin; MLR, mixed leukocyte reaction; Tc, cytotoxic T cells; Ts, suppressor T cells.
out MLR in the presence of cyclosporin (CsA) (9) , a fungal metabolite which has been used clinically to prevent rejection of organ allografts (10) (11) (12) . We have used CsA and previously defined anti-T cell monoclonal antibodies (7, (13) (14) to characterize MLR-generated Ts and to probe the mechanism of their activation. Our results show that Ts inhibit fresh MLR in an HLA-DR antigen-specific manner without detectable lysis of stimulator cells. The activation of these suppressor cells is dependent on ordered interactions between T subsets of distinct lineage.
METHODS

Monoclonal antibodies. Monoclonal anti-Leu 2a and anti-
Leu 3a define antigens expressed on mutually exclusive subpopulations of peripheral T cells that mediate predominantly suppressor/cytotoxic and helper/inducer functions, respectively (7, 8, 13) . Anti-Leu 8 defines an antigen that is present on 50-65% of Leu 2+ cells and 75-90% of Leu 3+ T cells (14) . All three antibodies were generously provided by Dr. R. L. Evans, Memorial Sloan-Kettering Cancer Center, New York.
Preparation of T and non-T cells. Peripheral blood mononuclear leukocytes (PBML) were isolated from healthy volunteers by Ficoll-Hypaque gradient centrifugation of fresh defibrinated blood (15) . T and non-T cells were separated from PBML with a sheep erythrocyte-rosetting technique (16) by using sheep erythrocytes that were treated with 2-aminoethylisothiouronium bromide hydrobromide (Sigma Chemical Co., St. Louis, MO). Rosetted (T) and nonrosetted (non-T) fractions contained 90-95 and 1-5% T cells, respectively, based on staining with a fluoresceinated pan-T monoclonal antibody, anti-Leu 1 (17) (Becton-Dickinson Corp., Orangeburg, NY).
Fresh or cultured T cells were separated into Leu 2+/Leu 2-, Leu 3+/Leu 3-, or Leu 8+/Leu 8-subpopulations by using monoclonal antibodies and a "panning" technique (8, 14) . Based on cytofluorographic analysis (Ortho System 50H; Ortho Pharmaceutical Corp., Raritan, NJ), at least 97% of positively selected populations expressed the antigen for which they were selected, whereas the negatively selected fractions contained <5% contaminating cells.
Cell cultures. Ts were generated in 25 cm2-flasks that contained 107 responder T cells and an equal number of irradiated (2, the presence of 1 ,g/ml CsA were markedly suppressive of fresh MLR, but had no detectable cytotoxic activity against the priming cell. Moreover, irradiation of primed T cells with 1,500 rad, a dose sufficient to prevent proliferation, did not interfere with their suppressive effect. Although these results confirm a previous report (9), we were concerned that suppression of fresh MLR by CsA-treated, alloantigen-activated T cells might reflect their differentiation into Tc during the second culture and resultant lysis of allogeneic stimulator cells. To assess this possibility, MLR were established in the presence of CsA, and after 12 d, the alloactivated T cells were rechallenged with fresh stimulator cells in medium devoid of CsA. 4 h-5'chromium release assays, which were carried out at 1, 2, 4, and 7 d after rechallenge, revealed no detectable lysis of priming cells at an effector to target ratio of 75:1, the highest ratio tested (Table I) . Moreover, suppression of the MLR remained intact even if the number of stimulator cells was increased threefold (Fig. 1) ; this suggests that stimulator non-T cells are not the target of suppression. We repeatedly observed that alloantigen-activated T cells suppressed the proliferation of fresh autologous T cells to the original but not third party stimulator cells. To explore the nature of this antigenic specificity, graded numbers of CsA-treated, MLR-derived T cells were tested for their ability to suppress the response of fresh autologous T cells to stimulating non-T cells with defined HLA-A, B, and DR allotypes. As shown in Table II , the responses to cells that shared at least one DR allele with the original stimulator were inhibited regardless of their HLA-A and B types. For example, in experiment 3, Table II (Fig. 2 A) .
As shown in Fig. 2 A, the Leu 8+ subset of alloactivated T cells contained potent suppressor activity, whereas the Leu 8-subset had little activity. On the basis of these findings, alloactivated Leu 2+ and Leu 3' cells were further subdivided into Leu 8+ and Leu 8-subpopulations, and each subpopulation was tested functionally. As shown in Fig. 2 B and C suppressive. Thus, some but not all cells within the two major T cell lineages appear to participate in suppression of the MLR. The above results might be interpreted as indicating that both alloactivated Leu 2+ and Leu 3+ T cells can mediate suppression directly. Alternatively, one or both activated subsets may induce fresh T cells which are contained in the indicator MLR to become suppressoreffector cells. To test these possibilities, Leu 2+ or Leu 3' cells recovered from CsA-treated MLR were cocultured in indicator MLR which contained either autologous unfractionated T or purified Leu 3+ cells as responders. As shown in Fig. 3 , alloactivated Leu 3+ cells induced potent suppression only in indicator MLR which contained fresh Leu 2+ cells; they had little effect on MLR which contained only Leu 3' T cells as responders. Results from 10 consecutive experiments produced patterns similar to that depicted in Fig. 3 ; this suggests that, upon activation with alloantigen, Leu 3' cells acquire the capacity to induce fresh autologous Leu 2+ cells to differentiate into functional suppressor-effector cells. Generation of Leu 3+ suppressor-inducer cells does not require the presence of CsA, as alloactivated Leu 3+ cells recovered from MLR devoid of CsA also induced suppressive activity in the fresh Leu 2+ subset (Fig. 3) . By contrast, Leu 2+ cells derived from CsA-treated MLR suppressed the response of Leu 3' cells in the absence of fresh Leu 2+ cells (Fig. 3) . Leu 2+ cells cultured with allogeneic non-T cells and CsA in the absence of Leu 3+ cells failed to become suppressive (Table III) ; this indicated that the generation of Leu 2+ suppressor cells requires the presence of alloactivated Leu 3+ cells.
Although earlier experiments (Fig. 2) Fresh Leu 2+ cells as well as Leu 2+,8-or Leu 2+,8+ subsets were primed with allogeneic non-T cells in the presence of autologous Leu 3+ cells (Leu 2+:Leu 3+ of 1:2) in cultures containing 1 gg/ml CsA. Thereafter, the activated Leu 2+ cells were reisolated and tested for their suppressor activity. Graded numbers of irradiated (1,500 rad) regulator cells were co-cultured with i0' fresh autologous T cells and an equal number of irradiated allogeneic non-T cells. Proliferation was measured on day 6 and percent suppression of the MLR response was calculated for each group of four replicate cultures. Irradiated (1,500 rad) The suppressor-effectors in this system are confined to the Leu 2+ subset. Unlike the inducer subset, the Leu 8 marker did not distinguish clearly between Leu 2+ cells that do or do not participate in suppression, as both activated Leu 2+,8+ and Leu 2+,8-cells inhibited indicator MLR. It is possible that both of these subpopulations include suppressor-effector cells that directly inhibit proliferation in MLR. The data do not rule out the possibility that one or both of these populations may also include cells that amplify the suppressive effects of fresh T cells present in the indicator MLR in a manner similar to that described for the regulation of immunoglobulin synthesis induced in MLR (14) . Regardless of the precise mechanism whereby Leu 2+ cells inhibit the MLR, the results in Table VI show that both Leu 3+,8+ and Leu 3+,8- (2, 3) . In our experience, alloactivated T cells, if not irradiated (1,000-1,500 rad) or treated with mitomycin C, can exert potent nonspecific suppression probably related to their proliferation and resultant absorption or utilization of essential growth factors (3). On the basis of this experience, all of the experiments described here utilized Ts that were irradiated after their activation in primary cultures, and only stimulator cell-specific suppression was observed.
The apparent specificity of alloactivated Ts for Class II MHC determinants on allogeneic stimulator cells might appear to contradict our previous suggestion that Leu 3+ but not Leu 2+ cells are triggered by Class II MHC antigens (13) . However, earlier studies were confined to the induction of proliferation (13) , help (8, 19) , and cytolysis (6, 7) . Furthermore, as shown in Fig.  1 , suppression by alloactivated Ts was not affected by increasing the number of stimulator non-T cells in the indicator MLR; this suggests that such cells are not the target of suppression. In this regard, recent studies indicate that structures on or secreted by alloantigenprimed Leu 3+ cells trigger Leu 2+ T cells to become suppressors and these Ts, in turn, act at the level of Leu 3+ responder cells rather than stimulator non-T cells (20) . Therefore, despite the specificity of suppressor T cells for HLA-DR, neither the generation nor effector phase of suppression necessarily involves (21) (22) (23) (24) (25) . This has led to the suggestion that the primary cellular target of CsA is an inducer T cell. On the other hand, the observations that CsA prevents Tc precursors from responding to T cell growth factors (23, 26, 27) and blocks proliferation of both alloreactive cytolytic and helper T cell clones (27) have led to the suggestion that CsA affects all alloantigen-sensitized T cells (27) . The finding in the current study that suppressor-inducer cells are activated in the presence of CsA argues for a modification of this hypothesis and suggests that suppressor-inducer and Tc-inducer functions of Leu 3' T cells are differentially sensitive to CsA. Indeed, the fact that Leu 3',8' cells provide most of the Ts-inducer activity in the MLR, whereas Leu 3+,8-cells provide the majority of helper-inducer activity in assays of B cell differentiation (14) suggests that these two functions are mediated by distinct subpopulations of Leu 3+ cells; this is a proposal that has been made by others as well (27) .
